In the recent years -due to the economic crisis -the stereotype claiming that Greek employees do not work much has been discredited; in fact, according to several studies, Greek employees work harder than their European peers. Statistically speaking they work on an average of 42 hours per week, whereas employees in the Netherlands and in Germany are employed on an average of 31 and 36 hours per week, respectively. One of the reasons for this employment time deviation between the North and South has been reported to be the benefits that the more advanced technology and modern infrastructure bring about. Productivity is expressed as the relationship between the outputs of a production system (both goods and services) and its resources (inputs) that are consumed in producing the outputs. It represents a measure of how well resources, such as labor, machines, materials, energy, capital, etc., are used. It is, however, with caution that the notion of productivity in productive systems need to be considered, since it is not only associated with the human resources efforts, and neither the level of productivity can be regarded as high or low only due to labor's responsibility. Productivity reflects the total and holistic effect of multiple factors, such as the physical capital (machines, buildings), technology, human capital (education and training), work organization, economies of scale, etc., onto the output of a production system. In the present work emphasis is given to productivity and related factors that capture certain aspects in labor management and are associated with economic performance. First, a brief literature review that sheds light into productivity issues and related factors is provided. Next, an appropriate mathematical model that incorporates operational constraints and market requirements is developed to minimize total labor and technology cost, aiming at ensuring an informed decision making process for productivity enhancement, especially in the years of the economic crisis. The study explores further potential initiatives and work flexibility plans, in an attempt to define ways of increasing productivity for the sake of both the company and its human resources.
Introduction
indicates that American workers are about seven times more productive than they were hundred years ago due to the introduction of modern equipment and the use of the new technology advancements. Dalton (http://www.tovima.gr/world/article/?aid=384604), a columnist of the Wall Street Journal, claims that Greeks work an average of 42 hours a week when the Dutch work 31 hours and Germans 36 hours a week. One reason for this is related to the implementation of the institution's part-time employment in the countries of Northern Europe. Improved productivity is mainly due to modern infrastructure, innovation and better technology available to the North European worker.
A general definition of productivity is that it represents the relationship between the outputs of the production system and the inputs that are necessary for the creation of these outflows (Robbins et al, 2012; Shikdar et al, 2003) . Mathematically, this is reflected as : ) other energy, materials, capital, , technology or, inputs(lab outputs r oductivity P Total (1) Labor productivity is the most widely used indicator of productivity and it is the result of a system related to human resources (number of employees or hours of work) that produce the outcomes. However, it does not solely reflect the effort of the employees, nor is the level of labor productivity considered high or low because of the workers. Labor productivity reflects the overall effect of various factors (such as physical capital, technology, human capital, organization of work and other) to the result (Manousopoulos, ny) .
Based on the definition given by the Gateway International Funding of the Greek Ministry of Foreign Affairs for efficiency, this term is relative to the term "productivity", it refers to the proper handling of a project and ensures that maximum outputs can be attained with minimum inputs. The effectiveness is the depiction of the relationship between the planned outputs and the realized objectives.
Another important term in productivity and labor management is the term "audit", which constitutes an administrative function that includes the monitoring of activities to ensure their implementation in accordance to the design and simultaneous corrective actions for any significant deviation (Robbins et al, 2012; Noe et al, 2009) . It enables an enterprise to use the assessment tool for evaluating the performance of its employees in order to study and improve their productivity. In this regard, the current return of an employee's performance in relation to the standards of performance established for this position is usually examined (Dessler, 2012; Noe et al, 2009 ).
This study focuses on elucidating productivity enhancement paths in the years of a seriously constrained economic environment without compromising any operational objectives. In the next section, a brief literature review on parameters that affect productivity and indicators of productivity measurement is presented. Next, a mathematical framework is developed to address the problem of minimizing labor and technology cost while ensuring that the desired productivity level is attained and both market and production requirements are met.
Literature review
It has been consistently reported that performance management can improve the employee's productivity through the use of information technologies. This help employees understand how it all fits together with the objectives and revise their goals (Robbins et al, 2012) . Particular importance for increasing productivity is the method of Management by Objectives (MbO), which requires executives to have measurable goals for the employees and to evaluate them at regular time intervals (Rodgers and Hunter, 1991) .
According to the research of Epitropaki and Alexopoulos (2013) productivity indicators of Human Resources Management are a useful measurement tool that helps the enterprise define the business strategy. Through these, enterprises can be informed about the quantitative and qualitative characteristics of the employee's productivity. If we want to define the productivity indicators we have to use the company's data and turn them into sources of essential information for the human resources department of a company. As sources of information for the implementation of an integrated Human Resources Management, indicators use financial statements and other elements which every business entity ought to maintain, as well as the results of any internal operations with emphasis on research fields. The basic principles for an effective implementation of a monitoring policy in any business include the application of appropriate indicators and collaborative approach to selecting the appropriate indicators. Appropriate indicators are mostly identified in human resource selection and recruitment, training and development, performance management and productivity, satisfaction and retention, the operational indicators of Human Resources Management department and last but not least the demographics of the workers.
It is worth mentioning here a research in the Scandinavian Journal of Work, Environment and Health (SJWEH) in which it is proven that working in open areas without room dividers reduces employee productivity because of the noise, temperature, discussions, phones ringing constantly and the sound of equipment that causes irritation. Researchers explain that the reason for this is the easier dispersion of bacteria in crowded places. This would be an indication of how complex the matter of productivity may be and how carefully a decision maker should consider its measurement and overall estimation approaches (http://www.iefimerida.gr/node/108371#ixzz2e1bGU9Uo).
Particularly in the construction industry, issues in labor productivity have been widely explored, because this industry often encounters a diverse range of problems related to its workforce (Rojas and Aramvareekul, 2003 , Zhou, et al., 2013 , Gomar et al., 2002 . In particular, Gomar et al. (2002) considered the multiskilling strategy in labor management that helps reducing indirect labor costs, improving productivity, and decreasing turnover. The research investigated the mechanisms of allocating a multiskilled workforce and developed a linear programming model for optimizing the multiskilled workforce assignment and allocation process in a construction project or between the projects of one company. Although, the developed model considered several scenarios in labor management and obtained a number of resulting observations, it has not examined any other resources, such as construction equipment, etc. Hanna et al. (2008) discussed the relationship between productivity and shift work in a research study, whose results indicated that shift work can have both positive and negative effects in productivity of construction labor, whereas small amounts of well-organized shift work can lead to a very effective response to schedule compression.
Uncertainty in labor productivity has also been examined in relation to macroeconomics, technology and workeremployer matching, as well as human capital investment, wage and labor turnover (Bai and Wang, 2003) .
Furthermore, a number of research studies have used several optimization and simulation approaches for resource scheduling (Huang et al., 2009 , Pinker and Larson 2003 , Wild, 1999 such as in Hegazy and Kassab, 2003 , who suggested combined simulation and genetic algorithms, aiming to determine the least costly, and most productive, amount of resources that achieve the highest benefit/cost ration in individual construction operations.
Proposed mathematical framework
In this section a comprehensive mathematical framework for productivity enhancement is introduced that help decision makers make more informed decisions by compromising objectives and obtaining trade-off solutions that fit the particular needs of an organization with special emphasis on minimizing the cost (a constrained input in the years of the economic crisis). In this sense, the proposed framework, incorporating labor cost and equipment cost (for a possible investment in new technology), is developed and designed to foster flexibility in order to account for possibilities in including novel and more productive technologies, as well as for more appropriate production scheduling schemes that favor economic solutions in a constrained economic environment. In addition, the proposed approach can further acknowledge and address the dynamic nature of several uncertain parameters involved in managing a productive system, such as input cost, product/service demand and average rate of outputs produced.
Problem statement and model formulation
First, the basic equation (1) for total (multifactor) productivity, TP, is considered that can also be transformed into equation (2), in which productivity is expressed in terms of average produced outputs TAp ij and consumed inputs on the basis of total input cost, TC. Input cost may include cost of labor, C L , possible cost of technology and equipment purchased for productivity enhancement, C T , capital cost, C C , material, C M and energy cost, C E , as well as other expenses, C O , such as overheads, etc. The present problem considers minimizing total cost while satisfying demand and capacity constraints, along with any special production and market requirements.
Total average produced outputs TAp ij are here expressed as the average amount of products which have been produced in a certain period of time (e.g. week) over the last years. For example, manufacturing companies may record the average amount of products produced by a specific group of workers with certain skills, experience and qualifications in a particular working shift. Let us assume that there is a number of employee groups, N i , with diverse background characteristics, such as qualifications, skills, experience, etc. (e.g. skillful employees of level i=1, less skillful of level i=2, and so on with the least qualified employees of level i=N i ), which can be employed in each of the three 8-hour work shifts, denoted here by index j. In this respect, an average amount of produced outputs can be estimated by summing up the average number of products that each of the workers/employees' groups, i, produce in a particular shift j as given by equation (3) 
where X ij is the number of employees in group i that work in shift j, A ij is the average amount of products produced by group i in shift j and ΣI t OA ijt is the residual amount of products produced by group i in shift j in case a novel technology t is incorporated into the productive system. I t denotes a binary variable which takes the value of 1, if the particular technology t is chosen to be purchased for enhancing the system's productivity and 0 otherwise.
In this work we also focus mostly on labor and technology cost as two of the most critical types of cost that can drastically influence productivity, in order to identify how efficiently these critical factors are being used and can be managed. It addition, this enables us to draw conclusions on possibly more adequate strategic planning in labor management and technology incorporation options, especially for the recent years of the economic crisis. Therefore, taking into account equation (3) and the aforementioned issues, equation (2) in which a number of available technologies, N t , with an investment cost of C t , may be considered to be potentially incorporated into the productive system to enhance productivity. However, if such an investment is to be introduced into the system, it is only considered if it positively affects the productivity of the system. Therefore, the residual term takes the form shown in the numerator of equation (4) as the second term and accounts for productivity increase by a factor of f t , (0≤f t ≤1) given that the specific technology(ies) is(are) considered.
In addition, a number of constraints need to be included in the mathematical model. First, demand need to be satisfied but can not exceed the capacity of the production system. Thus, total amount of products, as seen in the numerator of eq. (4), need to be more than or equal to total demand, D and less than facility's capacity, Cp (eq. (5) 
Furthermore, the total number of workers employed can not exceed a maximum number, N l that the company can hire for a certain period of time: 
Another feature in the model would be to encompass a fourth option for the value of j, along the three regular shifts, which would consider the possibility for utilizing an overtime scheme. However, in this case we also need to consider the fact that overtime can only be limited to a constrained number of labor hours, N l4 , whereas labor cost for this option, C i4 , would be almost doubled the cost of a regular shift:
A rewarding scheme can also be consider in the model to account for a possible bonus, b, offered to employees that would achieve a certain percent of productivity increase (TP u % or a corresponding A u ) or more. Finally nonnegativity constraints, as well as integer and binary variables are included as follows: 
Example problem
An example problem is here described to illustrate the applicability of the proposed approach in an effort to figure out productivity enhancement options in constrained market conditions.
In this example it is assumed that three different categories of employees with diverse skills, qualifications and experiences are available to be employed and are paid at scales that commensurate with their background level and qualifications. A number of employees from each category, X ij , whose labor cost is C ij , can work in any of the 8hour work shifts and there is an option of using overtime up to half of the time of a regular shift (i=1,2,3 and j=1,2,3,4 with j=4 corresponding to overtime). According to productivity records of previous years that are usually kept by a business entity, an average amount of produced outcomes are estimated for each group of employees i, in each work shift, j, Ap ij . Also, two different technology alternatives, T1 and T2 are considered to be incorporated in the system, aiming at improving its productivity by an associated factor f t (t=1, 2). In particular, for T1 f 1 = 0,7 and for T2 f 2 =0,5, whereas C 1 =700€ and C 2 =550€. The following tables (Table 1 and Table 2 ) present the available data for cost and average amount of outcomes. More than 45 workers need to be employed in order for the production system to properly operate, but also this number must be less than 100. The total amount of products produced should satisfy total demand. Thus, it needs to be at least D=6000 units (ΣΣA ij X ij +Σf t I t ΣΣA ij X ij ≥6000) and can not exceed the plant's capacity, Cp=10000 (ΣΣA ij X ij +Σf t I t ΣΣA ij X ij ≤10000). The number of employees that work in the first shift must also be at least 15 and for all shifts this number can not be more than 25. Moreover, it is assumed that the company can not afford more than 10 workers to work the maximum amount of overtime beyond regular shift. Finally, all decision variables (X ij ) need to be integers and satisfy non-negativity conditions, whereas decision variable I t is binary.
The objective function of the developed MILP model is to minimize total cost: (18) subject to all previously explained constraints. The model consists of equation (18) along with equations (4) -(17) and the solution was obtained by using the LINGO optimization software (Schrage, 2006) .
Results are presented in Table 3 , where it is shown a) how many employees are needed for each shift in each labor category and b) that technology T1 is required to be purchased in order to satisfy productivity constraints. Optimization results also show that minimum total cost corresponding to the specific underlying conditions is 6830€, whereas productivity is estimated to be 0,88. It is also insightful for the decision maker to consider cost-productivity tradeoffs by solving the optimization program for various productivity levels. Fig. 1 shows the Pareto curves for the obtained solutions establishing the tradeoff between cost and productivity. These are all feasible solutions that meet the production constraints and market requirements. As shown by Fig.1(a) there is a maximum attainable productivity level beyond which any total investment in labor and technology does not justify the degree of productivity enhancement. Fig.1(b) presents the percent of productivity improvements with respect to cost. It can be seen that productivity improvements decrease with total cost and there is a threshold beyond which productivity changes become negative (productivity level drops). Thus, decision makers have to find a specific balance between productivity and cost to optimize desired performance objectives, while satisfying market requirements and work specifications. 
Conclusions
This work attempted to explore issues in productivity and related factors that have proven to be critical for its performance. Relevant literature shows that these issues are complex in nature, since they are affected by multiple factors that can not be estimated and are often highly interrelated. However, it has also been consistently reported in the literature that performance management can improve the employee's productivity through the use of information technologies, as well as other technological advances in both manufacturing and service domain.
Furthermore, a systematic framework is developed to suggest flexible economic performance options for a production system, while ensuring that a desired productivity level can be achieved.
In particular, the proposed approach attempted to answer a number of related questions, such as: What is the minimum total cost under different economic, market and performance circumstances?
What is the optimum number of employees from each labor category in each shift that are needed for fulfilling specific productivity and demand requirements? Is it necessary to incorporate a technology that enhances productivity and which one among a number of possible technology alternatives? What would be the optimal investment solution for boosting productivity? How would an appropriate bonus appreciation system be formulated to keep total cost minimum while satisfying productivity constraints? How can a decision maker choose the best solution out of a number of alternatives, using the Pareto front developed for economic performance assessment associated to a required (or acceptable) productivity level? A next step of this methodological approach towards exploring productivity enhancement options would be to determine the sensitivity of the obtained solutions to market requirements and economic variability.
